Introduction
Diffuse malignant mesothelioma is a lethal neoplasm arising from the pleura, peritoneum, or pericardium. Most cases of mesothelioma are associated with a history of occupational exposure to asbestos; cases occurring after household or neighborhood exposure have also been reported (1) . Asbestos fibers are classified in two categories: serpentine or chrysotile asbestos and amphiboles. Chrysotile consists of curly, white fibers and accounts for 90 to 95% of asbestos used commercially. Amphiboles are long, straight fibers and include crocidolite, amosite, anthophyllite, and tremolite. Although tremolite is not used commercially, this amphibole is a common contaminant of some deposits of sand, talc, and chrysotile asbestos. Malignant mesothelioma has also been associated with environmental exposure to tremolite asbestos or to erionite (2) .
The mechanisms leading to the development of malignant mesothelioma are unknown. It is hypothesized that fiber geometry and dimensions, chemical composition, surface reactivity, and biopersistence in the lungs are important parameters related to toxicity (3). Asbestos fibers generate reactive oxygen species in a variety of cell-free assays [reviewed by Moyer et al. (4) ]. Macrophages exposed to asbestos fibers in vitro release reactive oxygen (5) and nitrogen species (6) . The availability of iron at the surface of fibers is a critical parameter in catalyzing the generation of these highly reactive oxygen and nitrogen radicals (7) . Ferric and ferrous cations are major components of amphibole asbestos fibers; iron may also be present as surface impurities on serpentine asbestos or some manmade fibers. Asbestos and other mineral fibers such as erionite may release or acquire iron from the surrounding medium, depending on the presence of chelators or reducing agents (8) .
Several investigators have obtained evidence that reactive oxygen and nitrogen species contribute to DNA damage induced by asbestos fibers using a variety of target cell populations in vitro. Exogenous catalase or superoxide dismutase prevented DNA damage induced by asbestos in rat pleural mesothelial cells (9) or a human-hamster hybrid cell line (10 (14) . Cistulli et al. (11) have shown that a murine mesothelial cell line that spontaneously acquired a point mutation in the p53 gene has increased susceptibility to induction of micronuclei by exposure to ionizing radiation or crocidolite asbestos fibers in vitro.
Several strains of transgenic mice have been developed that carry one or two copies of a disrupted p53 allele (15) . These mice show increased susceptibility to induction of micronuclei and tumors by ionizing radiation (16) . Preliminary studies indicate that p53-deficient mice show increased micronuclei in proliferating mesothelial cells after ip injection of crocidolite asbestos fibers. Therefore, we hypothesize that p53-deficient mice will show increased susceptibility to induction of mesotheliomas by asbestos fibers.
Methods
In Vivo Studies Homozygous (-/-), heterozygous (+/-), and wild-type (+/+) mice derived from the 129/Sv strain (17) were purchased from Jackson Laboratories (Bar Harbor, ME (19) .
In Vitro Studies
Primary murine mesothelial cells were isolated from peritoneal lavage fluid or following trypsinization of the peritoneal cavity as described previously (11) . Wildtype (+/+) and homozygous p53-deficient (-/-) mesothelial cells were maintained for 4 to 16 passages in vitro. Growth curves were generated as described previously (11) . Preparation of metaphase spreads was carried out as described previously (20) .
Apoptosis was induced in wild-type and p53-deficient murine mesothelial cells by exposure to crocidolite asbestos (7.5 jig/cm2) (21) or camptothecin (10 pg/ml) for 24 hr. Two assays for induction of apoptosis were used. DNA breaks with exposed 3'-OH ends were lab-eled by incorporation of biotinylated dUTP catalyzed by TdT; dUTP incorporation was detected by avidin-peroxidase immunohistochemistry using a kit purchased from Oncor, Inc. (Gaithersburg, MD). This assay was confirmed by agarose gel electrophoresis of low molecular weight DNA isolated from control and treated mesothelial cells. After ethidium bromide staining, a characteristic DNA ladder at 180-bp intervals was seen in apoptotic cells (22 (17) . Genetic instability would predispose p53-deficient cell populations to acquisition of additional mutations or deletions in cell cycle regulatory genes or tumor suppressor genes. Finally, p53-deficient mesothelial cells may be resistant to apoptosis (25) . These mechanisms were explored in vitro. 24 hr, compared to only 12 hr for p53 -/-cells ( Figure 1 ). The p53 +/+ cells were nearly diploid with a mean chromosome number of 41 ± 7, while p53 -/-cells were nearly tetraploid with a mean chromosome number of 72 ± 6 ( Figure 2 ). This observation is consistent with loss of a spindle checkpoint in p53-deficient cells (26) . Induction of apoptosis by ionizing radiation and chemotherapeutic drugs is p53 dependent (14) . Early passage p53 +1+ mesothelial cells treated with crocidolite asbestos or camptothecin for 24 hr showed evidence of apoptosis as indicated by dUTP incorporation by TdT at 3'-OH ends of DNA ( Table 2 ) and appearance of a DNA ladder on agarose gels (data not shown). In contrast, p53 -/-mesothelial cells were resistant to induction of apoptosis by exposure to crocidolite asbestos or camptothecin in vitro. Experiments are in progress to Number of chromosomes per cell Figure 2 . Number of chromosomes determined on metaphase spreads of wild-type p53 (+/+) and homozygous deficient p53(-I-) mesothelial cell lines in vitro after exposure to colcemid (0.2 pg/ml for 1.5 hr). (27) and murine malignant mesothelioma cell lines (28 T-antigen bind to the p53 protein, prolong its half-life, and inactivate its normal functions (14) . Human malignant mesotheliomas are frequently aneuploid and show multiple cytogenetic abnormalities (34) . This observation is consistent with increased genetic instability due to inactivation ofp53 and abrogation of cell cycle checkpoints. Figure 3 proposes the following hypothesis: The initial response of the mesothelial lining to asbestos fibers is injury that is repaired by proliferation (35 (32) would accelerate later stages in the development and progression of malignant mesotheliomas induced by asbestos fibers.
